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SUPPLEMENTAL COMMUNICATION 



Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir : 

The present communication is intended to supplement 
applicant's amendment of June 27, 2001. At page 9 of the 
amendment of June 27, 2001, the declaration of Dr. Tovey, 
which was attached to that amendment, was discussed, as was an 
additional abstract of Schofield et al, supporting Dr. Tovey 1 s 
argument that, at the time of the present invention, 
conventional wisdom held that indirect immunological 
stimulation of a substance that is not „,absorbed by the 
organism in appreciable quantities would not be dose 
responsive . 

Two additional publications, available as of the 
effective filing date of the present application, have now 
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been identified which further support our contention that 
there is no prima facie case of obviousness to use doses of 
interferon greater than that described by Cummins. Attached 
hereto is Cummins et al, "Oral use of human alpha interferon 
in cats", J Biol Response Mod 7:51 3-523 ^(1988) . This 
publication reports that kittens, infected with fatal feline 
leukemia virus and given 0.5 U of human IFN-a orally, survived 
longer (500 ± 41.7 days) than animals given 5.0 U of IFN-a 
(313 ± 104.8 days) compared to untreated control. In this 
regard, reference is also made to the Moore et al publication, 
a copy of which was attached to applicant 1 s amendment of 
November 17, 2000, showing, particularly in Figure 1, that in 
horses lower doses are significantly better than control, 
whereas the higher dose is not significantly better. 

Also attached hereto is Brod et al, "Oral 
administration of IFN-a is superior to subcutaneous 
administration of IFN-a in the suppression of chronic 
relapsing experimental autoimmune encephalomyelitis", J 
Autoimmun 9:11-20^^1996). This paper also reports that oral 
administration of 10 IU of IFN-a was more effective than 100 
or 1000 IU in suppression of chronic relapsing experimental 
autoimmune encephalomyelitis in rats. 

These publications are cumulative to those already 
cited and discussed in applicant's amendment of June 27, 2001, 
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and further support the understanding which would have been 
held by those of ordinary skill in the art at the time the 
present invention was made. Consideration of the present 
communication and. the attachments thereto in conjunction with 
applicant's amendment of June 27, 2001, and reconsideration 
and withdrawal of the rejections of record for the reasons 
explained in the amendment of June 27, 2001, are hereby 
earnestly solicited . 



Respectfully submitted, 



BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Applicant (s) 
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Oral Use of Human Alpha Interferon 

in Cats 

7fc£ 0Wt> Srare University, Columbus, Ohio, U.SA. 



Summary: lueses (0.5 OT 5-0 U) of hum»^ 

o^Tnrevented the experimental development of feral feUne leukemia virus 

SSJtoSoS) ?Sr *2£i£Sd F^vSctcd cats, Moreover, only 
T$ 13 1 «0 8%S Hu^Ux-treated cats developed clinical disease during , the 

^LvtrdSed Sse. Thus, in experimental retroviral disease, heterologous 
^S^ff^SR^oZi finical benefits. Key Words: Feline leu- 
kemia — Human alpha interferon. 

The feline leukemia virus (FeLY) is classified in the family Retro viridae (1,2). 
The FeLV is horizontally transmitted to cats in which .t induces lymphoid neo- 
pfesia (2-5). In addition to neoplastic disease, FeLV causes 
unmuuosuppressive disorders such as thymus atrophy, a panleuk 
drome, and nonregeuerative anemia (6,7). The mam site of vrnu ■ £ *J 
bone marrow, and the clinical disease reflects the type of stem cell infected 

^trfare a number of antigens associated with FeLV ^°*£^™ e 
nuclear core group-specific (gs) antigens are used to 

mats and can be detected in circulating leukocytes by an indirect fluorescent 
antibody technique (9), and in the plasma or serum by an er^yme-lmk^ mmiuna- 
absorbent assay (Feleuk Test, Pitman-Moore Inc., Washmgton Crossing, NJ, 

U FeLV envelope antigens possess determinants that divide FeLV into three 
major subgroups — A, B, and C- These antigens are major immunogens and w.U 
induce neutralizing antibody formation (6,10). 
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Asymptomatic carriers are gs-antigen positive but develop high titers of FOCMA 
antibodies. These carriers do not develop the FeLV-relaled disease but remain 
viremic and are a source of infection to other cats (12,13). 

The horizontal transmission of FcLV has been well documented (2,3), As long 
as a cat is gs-positive, it is viremic and capable of excreting virus, primarily 
through the saliva (14). Susceptibility is age-related and in general, kittens are 

tn nre likely to become persistently infected tha n adults (5, 12). 

The prognosis for recovery of clinical cases oFTSLV-reEJed-aisease-K poor, 
with 50% being fatal within 4 weeks and 70% being fatal within 8 weeks after onset 
of clinical signs (15). Cats respond poorly to treatment for FeLV-related disease 
(9,16-22). The FeLV-related disease can be attributed principally to opportunistic 
infections secondary to FeLV-induced immunosuppression. There is growing ev- 
idence that FeLV-induced immunosuppression is due primarily to a T helper 
lymphocyte dysfunction (23-28). „ 

In 1 957, a mediator of viral interference was identified and named interferon 
(29). Subsequently, three distinct classes of IFN have been designated a, B, and 
t (30-32). In addition to their antiviral properties, IFNs all have immunomodula- 
tory functions (33-38). The a IFNs, produced primarily by leukocytes and mac- 
rophages at the site of a viral infection, represent a mixture of IFN isospecies 
coded by different genes (39-40). 

In this report, we describe the use of heterologous species IFN given orally to 
cats with feline leukemia. The a IFNs were selected for study because they are no 
longer considered species specific (41). The oral route of adrninistration of IFN 
has been described in previous reports (42-44). 



Bovine fetal kidneys (BFK) obtained at an abattoir were used to prepare BFK 
cell cultures. WISH (human) cells (Immuno Modulators Labs, Inc., Stafford, TX, 
U.S.A.) and BFK cells were used in the IFN assay to determine human IFN 
potency. Growth and maintenance media for cells consisted of Eagle's minimal 
essential medium prepared in Hanks' balanced salt solution with 10 or 5% bovine 
fetal serum, respectively, as described (45). Potassium penicillin G and strepto- 



MATERIAJLS AND METHODS 



Cell Cultures - - 
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«, a » raltures were incubated at 37°C under 
.nycin sulfate were included in all med*. Cultures w 

co 2 . 

Cats 

._ M fro* (SPF) cats, six females and 15 
Twenty-one 8-week-old, specific pat l-fj**^ were from a hysterec- 

Viruses 



a (ai\ was used in the challenge 
The Rickard strain (FeLV-R) of ^^ v ^ Ls0 late. Vesicular stomaUtu; 

J*. The viral *^™J%Z£^i^ ° f MfeS ° Uli ' < 5£d& 
vinJ, Indiana strain (Dr. of BFK cells and was used in IFN 

^^^-tion of human leukocytes. 



Interferons 

*• fT^mnnn Modulator Labs) was pro- 
The human IFN « OWB™ ^^^xTm* 4s » j2E?^ 

-20°C. 

Interferon Assays 

a wtSH and BFK cells using a plaque 
The HuIFNtt assays were «* aduC " was calibrated by comparison to 

reduction assay (50). The j^g^ Modulator Labs), 
the international standard for human If JN v 

Experimental Design 
« T v t> hi/ intravenous inoculation of 0.1 ml of 

Twenty^ cuts ^.^^^^S^-^^^t^ 
^erum Blood from each inoculated cat was cou^ infected cats were 

SenHweekly or monthly for ^^^^S^^.^S 

H SuIFNa was given orally one ^^fitf ^""S 

tion Cats were ^^l^S^^S^^^^^^ 
weeks (group 2) after ^T^^S^^a weeks after virus inoculatton. 
given 5.0 U of IFN were examinations were done on all 

Cats that died were necropsiea. o™« 
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necropsied cats and some tissues were fixed in formalin, methanol, and glutanu- 
dehydc for histologic examinations. 

Sampling 

For demonstration of FeLV gs antigen in peripheral blood leukocytes, a minor 
mo^STof the original^ 

et al (9) was used. The primary reagent was goat anU-FeLV, the antis^m was 
abso"rb«l mensively with normal feline tissues pnor to use (51). Titers for 
FOCMA antibody titers were determined with FL-74 cells as described (52,53). 

Statistical Analysis 

Data were subjected W analysis of variance and Chi square techniques. The a 
level test was p < 0.05 for all compansons. 

KESULTS 

Prevention of the development of FeLV-related diseases HuKNowas 
achieved in this challenge study. Cats given the lower dosage : of OA f U 
once dailv for 7 days, every other 7 days, survived significantly (p < 0.001) longer 
^c^n^cL O-able I). Ml seven infected, untreated cats died (at a* .average 
rflllLvs after FeLV inoculation) of a wasting syndrome typical of FeLV-R. 
St^givS 0 .SU HuIFNa had a diaphragmatic hernia ^likely o ' 
orig\n?died 10 days after FeLV-R challenge, and was removed from the study. AH 
ofTe other eight cats given 0.5 U HuIFNa orally survived well beyond the 
ave^e smiivS time (AST) of untreated cats (AST of eight treated > 500.0 * 
4r? (San^d error) days compared with AST of72.7 ± 13.2 days in untreated 
cate) Moreover, the frequency of protection with HuIFNa treatment was k^jj 1 "| 
Sat all eight cats showed increased survival time, and at the time of tins writing 
^o halfdied (of thymic lymphosarcoma 222 or 458 days after. FeLV moc- 
ulation). The other six cats given 0.5 U HuIFNa are alive, remain asymptomatic, 
and have survived an average of 553.3 days. 

Two cats given 5.0 U HuIFNa died of a wasting syndrome strain at 35 and 79 
days after virus inoculation. At the time of this report, the remaining three cats in 

TABLE 1. Survival and group-specie (gs) ^S^tatus and fe^e o^o^^ ceU 
membrane antigens (FOCMA) development feats *™« late f i™" h M me Uukenaa virus 
and treated wit h human alpha interferon (HuIFNa.) 

Positive for 

g *Z? """JUS'*" g 5X51 AM 

•sr J> sjjss ? I \ 

-- - 313.0=104.8 5 5 3 



5.0 5 



* Onc^di id\S£ diaphraematicpericardial hemU of unknown origin and *»" all 

calculi; other caTdied'of a thymic lymphosarcoma 222 days after v.ru* moeulauon. 
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Alive* 




0 




6 




3 



^ group are alive, remain 

days (Table 1). ^^^"l^^given FeLV-F-became positive for 
of the nine surviving cats are ™emic. _^ posi tive- 
FOCMA antibody and the surviving cats remain " 

DISCUSSION 
Interferon as an Immune Modulator 

. - i the TFNs are now recognized to 

Originally described as ^.^^^ystem (33-38). The IFNs in general 
perform numerous functions in the ™°^f^ c ^p^, induce receptors for 
and t in particular, may induce lines, induce tumoncidal 

™ « in human monocytes and ^^^^elLe of oxygen-derived prod- 



IgGl 



> deleted from all 
oculation. 



responses in mouse macroph^es^nd induce^ ^ ^ differentiatl0Q G f 

ucts from macrophages (33-36). The IFNs * f cells capable of 

cytotoxic progenitor cells, i ^^^^^y i^c^e cells (35,36). The 
recognizing target cells, and ^^2^ ^Ubody responses 07). 
IFNs also play a modulatory role in natural reguiau ^ ^ ^ to 

most NS IFN is ingestion through swaUc ^tng proteolytic 
Because IFNs are proteins and are ^***^ b * ^ OQ after oral adminislra- 
enzymes, and because IFN cannot be detected m the woo ^ ^ 

tion (56-58), IFN administration by the onJ route «^o^ } 
medicine. Intravenous, intranasal g ^^^S'^st commonly used, 
ical, intralesional, and ocular roUtes .^.^ m ^fi^ inia by the s.c. or i.m. routes 
Success in the HuIFNa trea^nt of ^^^^^^^ HuIFNa 
of administration has led to FDA ^PP™ ™ m ^ Hoffmann LaRoche's 

(rHuIFNct) product s (Spring 2"SiiJ2f3tairy °* leukeroia Wfth 
-Roferon") (59,60). The s^? f ^^^°;^ tedinSO me other human 
doses of rHuDFNa by parenteral ^ ec V T ^^" ^s ft»y parenteral administra- 
viral or neoplastic diseases- ^^^^SSff^^ 
tion of rHuIFNa) in reducing the duration ana. ^£ * ^ condyloma acu- 

(61,62); in achieving P^^^^d^sl^' "* ***** ° f 
minatum, epidermodysplasia ^raponse to IFN treatments are 

remission of some other neoplasm ^(68-7 U ^ c ^P Qf fcvcr> nausea.-pain, and 
often disappointing and accompanied by toxic signs oi 

anorexia (72). 

Interferon: Cross-Species Use 

to vU~, .IFNs an, no l^^^Ttr^^Sv^ 
HuIFNa is active in riiro » ^.^^^^tt, ,he amino acid sequels 
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It has been reported that HuIFNa had antiviral activity ^en^ted on .virus- 
infected feline cells in vitro (83). Others reported that HuIFNa (Cantell type) had 
antiviral activity against FeLV and that HuIFNa was 10 times more active than 
fSne ffN ^FN)wben tested on feline cell cultures (84). These observations 
£e supportS ^another report in which HuIFNa protected feluie ceUs against 
Mine vhal challenge (85). Seven species of rHuIFNa induced the ?ynthes« of at 
teat five protdnTin human fibroblasts but only one such protein was readily 
SStaKeffl«hl«. although rHuIFNa inhibited the repUcauon of: *ree 
viruses tested (86). No significant clinical benefits were reported m cats given high 
dosages (10* U/kg) of rHuIFNa s.c. after chaUenge w,th feline herpesvu^s (87) 
Theltudy reported herein indicates that HuIFNa is active in cats in vivo, and 
suggests that the oral route of administration is effective. 

Interferon and Feline Leukemia 
Feline interferon, produced in a feline kidney cell line (CrFK) by Newcastle 
virTmduction, inhibited FeLV in cell culture (88). Felme cells id t culture pre- 
treated with FeEFNa or Pl and then infected with FeLV, produced high levels of 
FeLV proteins, but little infectious virus. FelFNa, but not FelFN^ had antiviral 
activity on canine cells. Acid labile, as well as acid stable, FelFNa has been 

described (89), . , A . 

Supematants from cultures of normal feline lymphocytes stimulated with 
Staphylococcus aureus protein A (SAP-A) showed antiviral activity,^ ^ra^" 
ized as a t-like IFN (90). With the addition of inactivated FeLV, less IFN was 
produced. The reduction in IFN production was not attributable to lowered lym- 
phocyte viability or reduced mitogenic properties of SAP-A and appeared to be a 
direct retroviral effect (90). , . . . . 

BovIFNp and HuIFNa administered orally have been previously reported to 
show some benefit in the treatment of FeLV-related anemia (42,91). 

Feline Leukemia Treatment 
Cotter reported on 100 cases of anemia associated with FeLV infection. Forty- 
nine cats foiled to respond to various treatments and were euthanized within Z 
weeks of diagnosis. Twelve were lost to follow-up and 39 were treated and mon- 
itored for 2 weeks to 7 years; median survival time of the latter 39 cats was 4 
• months. Only 8 of 88 cats (996) had a return to normal blood counts {16). Ten cats 
positive for FeLY_ with clinical signs of leukemia (fever, stomatitis, abscess, vom- 
iting, respiratory signs, iritis and hyphema, transudate, iymphadenopathy, and/or 
abnormal hematology) all died (some by euthanasia) within 6 inoutiis uespii.e 
blood transfusions, antibiotics, chemotherapy, or steroid treatment (21). 

In a number of smaller studies, cats with various FeLV-related dtseases, in- 
cluding myelogenous leukemia (17), reticuloendotheliosis (18), monocytic leuke- 
mia (19), and myelomonocytic leukemia (20), failed to show significant response 
to chemotherapy. Only four of 15 leukemic cats treated with chemotherapy 
achieved remission for 1-24 months (median 7 months) (22). Eighty percent of 
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, . . * 1 m -a i n vears as compared with 
persistently chronic viremie cats ^^^^hat^Aod (92). Untreated 
\q% of uninfected cats of sundar ^ s * * * for FeLV usuaUy die m Jess to 
cats with Lhymic the management of LSA C70% 

a month after presentation . Igr ^ rep orted short-term (only a few 

of which are associated with FeLV) and generauy 

months) survival. dia enosed to have FeLV-related diseases were 

Cats seropositive for FeLV and J>y o ea w or with wh ole SAP-A 

treated by ex vivo ta™*"**?^^ mcfease in scrum IFN was observed 
bacteria twice weekly for 10 ^"^S^S improved bone marrow cy- . 
immediately after treatment ^^^^.induced blastogenic responses 
tology and serological changes Et^ c ~^*°f " in serum IFN, Both the 

of lymphocytes were observed shortly ^ed throughout the 

SgHLm IFN titers and the ^f^^SLfwith FeLV, reportedly 
ES^S" 5 ^ —o rption — Py -ng 

S ^e\S^^^ 

of biological response mod * e y s <? n ^^^ 

immunosuppression or restoration off f^™*^^ bemg used to positively 
ber of BRMs, such as «»*™^^S fflV-l-induced acquired immuoo- 
modulate the immune system m humans witu ttx 

deficiency syndrome (AIDS) (96 . significantly prolonged theltfe 

In this challenge study, oral HuIFNa teeatmem J^^^^^on of HuIFNa 
of cats infected with FeLV ^^^ s %tSttally infected with 
slows the development ^^J^Z^y infected clinically ill cats, the 
FeLV and extends the ^^.^.^^Tta show that, for the most part 
mechanism remains to be elu " d ^" ^ v ^i c and had significant titers of 
HuIFNa-treated cats became ^ persistently y^ 1 ^ eLV -related diseases. Al- 
TOCMA antibodies, but failed to devdop .any JJJ^, m increase d serum 

though oral administration of IFN! ta» ""JJJJ™,, ^ leV el 5 of IFN or other 
IFN levels (56-58), it is f^^fSiSSU HuIFNa, injected into meta- 
immunomodulatory molecules. S ?^LlS^siently in the mouth, nose, and 
static human cancer patients Nations of SAP-A intraper- 

paranasal sinuses (97)- p» * ^J^g^ leased serum IFN and gp70- 
itoneally into FeLV-infec ed f^J^ase in viremia and correc- 
specific cytotoxic ^ tib0<Le %^S!^SSe S Sts that failed to respond to 
tions of hematologic or cytologic suggesting to the authors 

— SAP-A therapy also failed to develop bj£ '^g£££ complementary roles in 
+ h„r TFN and cytotoxic antibody play important, P™?_v ^ fg8 > 

SSSi remission of ^^^^S^^^^^ ^ S ^' 
In view of the poor response to « «» Because feline leukemia is 

more research on HuIFNa treatment ma£ bejust fed * ioa of lhese re - 

an appropriate animal ^^^^ ffNtSrapy for AIDS may be 
search results and an assessment of low-oob^ 

desirable. 
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SLfSp^myelitis CCR-EAE). inhibit clinical attacks at doses 
SSTnt to ineffective' parenteral (s.c.) doses in acute rat EAE ; and 
Ease the adoptive transfer of EAE. We thenBrorc examined the optunal 
dUriLl po. dose of murine species-specific IFN-a for suppression of rdapse 
Luraeu P .o. u r adu^istered IFN-a in a dose-response 

S^ir'S^ EAEmod^The optimal clinically ^e dose 
S^££n of EAE of P .o. administered murine ^-speafic IFN^ 
was ufitd* and for s.c. administered was 100 units, although the optimal 
p o dose was much more clinically effective than the ^optimal s.c. dose^Con 
A- and MT-induced spleen cell proliferation was inhibited by p^o. IFN-a , as 
^rCorA^nduccd L-2 secretion, but s* IFN-a did not inhibit the Con 
Imduced I proliferation in spleen cells. Oral ^ mhibited the 
mitogen-induced production of «L-2 ^^W.^ 1 ™!™^ 
MT-induced IFN-7 and IW secretion in spleen cells and Con £nM L-6 
and MT-induced IL-2 and IL-6 in lymph node cells. The oral route .s a 
cordon" drug delivery system that may allow the use of *wer aos* ; of 
cytokines and provide enhanced efficacy via unique and potent 
2^un^gulatorv P circuits without ^irional ry 

cytokines that maV counteract the beneficial effects of s.c. administered ^ type 
.-,11 , e 1996 Academic Press Umiieo 

I fFNs. 



Introduction 

Chronic relapsing experimental autoimmune 
encephalomyelitis (CR-EAE) is .a T ceU mediajed dis- 
ease that mimics the clinical disease multiple sclerosis 
(MS) and the associated immunological sensitization 
preceding clinical relapse disease. It thus provides a 
useful animal model for the evaluation of potential 
therapies for human autoimmune disease [1-3]- Pre- 
vious work demonstrates that immunomodulatory 
cytokines can modify EAE. Intravenous natural rat 
interferon (10 3 units) can partially suppress acute fcAb 
in male Lewis rats and inhibit passive hyperacute 
localized EAE when administered on the same day of 
immunogen inoculation [4. 51- Other parenterally 
administered cytokines such as TGF-p can decrease 
clinical discasc'and inflammation in brain and spinal 
cord in EAE [61. Parenterally administered nnhirnl 
human IFN-a can decrease T cell function and T cell 
dependent antibody p roduction in humans 

Correspondence to; Staley A. Brod. M.D.. Department o( Neurology 
7.044. University of Texas Health Science Center at Houston. P.O. 
Box 207OB, Houston, TX 77225. USA. 
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We have previously demonstrated that type I IFNs 
administered orally three times a week suppressed 
clinical relapse in murine CR-EAE [8], mhibitcd 
.clinical attacks at doses equivalent to ineffective sub- 
cutaneous doses in acute rat EAE [9] and decreased 
the adoptive' transfer of EAE by activated donor 
spleen cells to naive animals compared to cells from 
mock murine IFN fed mice I10J. Oral IFN-a inhibited 
IFN-Y and/or IL-2 secretion, suggesting a functional 
inhibition of Thl-Uke T helper cells in EAE and a 
potential site of intervention at the level of effector ■ T 
cells in MS [8-10]. Recent studies of p^nterallv 
administered human recombinant type I IFNs ; (hrlFN) 
in relapslng-remitting multiple sclerosis (RRMS) dem- 
onstrated decreased relapses 111], decreased achvilv 
on serial MRI (magnetic resonance imaging) 11Z , 
decreased spontaneous in vitro IFN-Y production [13], 
and a reduction of clinical progression, relapse rate, 
and gadolinium-defined inflammatory activity on 
MRI [141. However, their use may be limited because 
40% of IFN-p u , treated patients genera tod neutralizing 
antibodies which arc frequently found m Pjhmts who 
appear to lose both clinical benetits and MRI-dcfmcd 

© 1996 Academic Press Limited 
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responses [15). Accordingly, we determined the most 
S oral dose of the blotogi^P^JJ^J 
(BRM) murine species-specific IFN-a (mlFNa) in a 
dose-^onse experiment and compared this optimal 
dosrS^equivaleSt or higher subcutaneous doses of 
mlFN-a to examine the relative efficacy ^^rnuno- 
logical effects of oral and parenteral IFN-a m an 
ardmal model of autoimmune disease, CR-EAb. 

Materials and methods 

Induction of experimental autoimmune 
encephalomyelitis 

A chronic relapsing form of EAE was ^"^.J*™} 
week old female SJL/J mice using the method of 
BjSwt. and McFariin [16], modified by Miller 
Brieflv each mouse received a subcutaneous (s.c.) ui- 
ovS *e shaved right flank of 03 ml ot an 
U«irinn retaining 1 mg of syngeneic mouse spinal 



cord homogenate (MSCH) m 0.15 ml or P Ju»pl«l« 
buffered saline and 0-03 mg of Mycotactwuni 
sus liominis H37Ra (MD (Difco Labs. Dettoit MI) m 
0.15 ml of incomplete Freund's adjuvant (IFA)^ Seven 
davs later, the mice received a similar injection in the 
left flank. Initial clinical signs of disease were seen 
between days 13 and 25 posh mmu ^ tio ^ 
resolved by dav 40. Clinical severity of *e rttopwf 
Stack was graded as follows by a blinded observer: 
S=n7d^easlTl minimal or mild hind limb weakness; 
2=moderate hind limb weakness or mild ataxia, 
3= moderate to severe hind limb weakness. Animal* 
were scored in a blinded fashion three times a week for 
15 weeks and cumulative weekly score was com- 
puted bv averaging three scores per week (Monday 
Wednesday, Friday) for each group of animals. 

Cytokine administration 

We have previously demonstrated that one and ten 
units of human natural IFN-a has no effect on clinical 
relapse disease in EAE 181- Starting on day 40 post- 

irranmuzatkm and ^^ t ^ ^ c ^ tt ^^ 
subsided, animals were fed (p.o.) or mjected subcuta- 
Souslv with varying doses (0-1-1,000 units) or 
murine natural IFN-a (Cyfcoimmune mouse IFN-a. 
4 OxlO 3 IRU/ml, Lee Biomolecular Research, Inc., San 
Die K o, CA, or mock murine IFN-a (Cydrnmune <2 
IRU/ml, Lee Biomolecular Research, Inc., San Diego, 
CA) Isenerated identically to IFN-a except cultures 
are mock induced*) using a 2-5 cm syringe fitted with 
a 20 gauge ball point needle » S^fc 
Swedelboro, NJ) as previously described [8. 101. IFN 
was directlv delivered to the distal oesophagus, 
stomach and proximal small intestine (as determined 
experimentally by injecting Evans blue during routine 
feeding and subsequent sacrifice), or mjected ™ » 
27 ga t V "gPdle i" the flank away from the site 
of inoSlation three times per wee* 
Wednesday Friday) for 6-15 weeks. Mock IFN was 
used as the control since heat denatured IFN may 
retain some immunological activity. Mock mouse IFN- 
a/p control js a preparation identical to the IFN 



preparation (containing F oten ^/ mm ^ b S 
Wecules in fibroblasts) except that ^ «jjW«l 
cultures are not induced With 
virus (according to Lee Biomolecular Research In,., 
Virology and Immunology Catalog, 

Lymph node cell and spleen preparation 

Animals were killed 6-15 weeks after initiation of 
feeding Draining inguinal nodes and spleen celis 
were removed and sirfgle ceU suspensions were made 
hv -Dassaec through 90 urn stainless wire meshes. Red 
^S£*SJ&<^* the spleen cell suspensions 
wUh 2 ml of ACK solution added to the pellet .and the 
reaction was allowed to continue 5 mm at room 
temperature. 



Ex vivo Tceil proliferation 



Six to fifteen weeks following the onset of clmicai 
relapse attack, mice were sacrificed, and spleen and 
draining inguinal lvmph nodes were pooled and cul- 
J SSS determine Con A and Mycobacterium 
iSrculosus hominis H37Ra (MT)-specific splenoqrte 
and lymph node proliferative responses. Antigen 
S.uE was carried out with MT at 10 ug/m and 
rnitogen stimulation with Con A at 2.5 ug/rnl byrncu- 
SSSceUs at 2* 10 s cells/ well in RPMI (Gibco, Grand 
& NY) supplemented withl0%^a Icalfserum 
(FCS) (Whittaker Bioproducts, Walkerevrfle, MP), 1% 
sodium pyruvate (Gibco, Grand Island, NY). 1% 
gTutarrdJ' (Gibco), 1% Penid^/Streptomycin and 
50 uM 2-mercaptoethanol (standard media). The plates 
were incubated at 5% C0 3 and hurradtfed .1 : 37 C for 
4 davs- At that time the cells were pulsed with 2 uCi oi 
tririated ['HI dTd and harvested 18 h later on an auto- 
mated harvester. [ 3 H1 dTd uptake was measured in a 
Beckman (liquid) scmtUlation counter. Cultures were 
run in triplicate and the results expressed as ACPM. 
Background responses were less than 500 cpm. 

Cytokine analysis 

Spleen and lvmph node cells from mock fed, untreated 
oTroIFN-a fed or s-c injected animals were cultured 
£th Con A (2.5 ug/ml) or MT at lOug/rrd at 1 xl0> 
cells/ml in 75 cm* tissue culture flasks for 48 h in 
a humidified 5% C0 2 /95% air incubator at 37 C. 
Supematants were collected at 48 h after Con A activa- 
tion and frozen at -70»C after centrifu^tion. Inter- 
leukin was measured using soUd phase EOSA Anh- 
IL-2 anti-IL-4, anti-lL-5, anti-IL-6, ann-IL-10. or anh- 
(PharMmgen, San Diego, CA) antibodies were 
used in these assays as outlined previously [8, 10]. 



Statistical analysis 

Statistical analysis was performed using ANQVA and 
Wilcoxon signed rank test. 
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Results 

Orally administered murine species-specific 
IFN-a suppresses relapse at the optimal dose of 
10 units three times per week for 15 weeks 

We have previously- shown that both 100 units or 
orallv administered murine species-specific ffN-a/P 
and 100 units of hrlFN-ot, but not one or 10 units 
human natural IFN-a, can suppress relapse attacks 18, 
101 Others have demonstrated that human IFN-a, has 
0.1-50% of antiviral activity in L929 mouse cells com- 
pared to human WISH or HEp2 cell lines [18, 191. 
Human IFN-a, has 1% of antiviral effect on L9Zy 
mouse ceils compared to human WISH cells [20]- Since 
it is known that human type 1 IFN has 0.1-50% of ite 
activity in murine svstems, we determined I if 0.1 , l, i u, 
100 or'1,000 units of p.o. adrriirdstered mIFN-a would 
suppress relapse attacks in a dose-response experi- 
ment. Animals (»=8/group) were immunized as de- 
scribed in Material s ari d Methods and fed three times 
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per week with mock mIFN, 0.1, 1. 10, 100 or 1,000 uiufcs 
mIFN-a for 15 weeks. The mock IFN fed group on 
average incurred a relapse over the course of 15 weeks 
(Figure 1). Animals fed ten units mIFN-a showed 
decreasing neurological deficit from the onset of IFN 
feeding and maintained that effect throughout the 
studv. Animals fed 100 units mlFN-a also showed 
decreasing neurological deficits although the effect 
was not as robust as 10 units mIFN-tt- There were 
significant differences at each time point in clinical 
outcome In the mock fed versus 10 and 100 unit p.o. 
• IFN-a fed animals- There were differences at several 
time points in clinical outcome in the mock fed versus 
0 1, 1 and 1,000 unit p.o. mIFN-a fed animals. How- 
ever, the animals fed 0.1, 1 and 1,000 units, when 
considered as a group tended to follow the course of 
the mock fed animals and were significantly worse 
compared to 10 units p.o. Orally administered mIFN-a 
demonstrated a U-shaped dose response effect. Since 
one unit and 1,000 units were clinically much less 
ineffective; and 10 units optimally and 100 units were 
moderately effective,, this data suggests 5-50 units 
mIFN-a p-O- as an optimal dose in bur model: 

Orally administered IFN-a inhibits the mitogen 
and MT-induced proliferation in 
spleen cells 

The intensitv of disease in EAE has been associated 
with Con A proliferation of spleen cells [211. Therefore 
pooled spleen cells (;i=B) were stimulated from mock 
fed. 0.1, 1, 10, 100 and 1,000 units mIFN-a fed mice 
with Con A at the end of fifteen weeks- Oal mIFN-a 
decreased spleen cell Con A-induced proliferation 
significantly even at the lowest dose (0.1 unit) with 
nearlv maximal inhibition at l unit (Figure 2, top)'. A 
similar rcrspon.se was found using a previously sensi- 
tized antigen, MT The lowest orally administered 
' dose hod a significant effect on antigen-specific prolif- 
eration and this effect increased with increasing orally 
administered dosages (Figure 2, bottom). 
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0 i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Weeks on treatment 
Figure 1- Oral administration of 10 units nOTN-u three times 
per week for 15 weeks optimally suppresses relapse attacks 
In murine CR-EAE, Si* groups of eight SJL/J &-& week old 
female mice were immunized as described in Methods 
Values represent mean weekly group d*^, 5 ™^*;™ 
mock mIFN vs 10 units p.o. mIFN-a, weeks 1-15, P <P-°°1 
bv ANOVA and Wilcoxon signed rank test; mock mIFN v 5 
0*1 1 and 1,000 units p-o. rnlFN-a, weeks 4-$, 9-1 0, 12-1:>. 
P<0 01 bv r-test; animals fed 0.1, 1, and 1.000 units were 
sigrrificantiv worse compared to 10 units p.o. (10 units ; p.o. 
mIFN-a vs o.l, 1, 1,000 units p.o. mIFN-a, weeks 1-1^, 
P<0.01 bv ANOVA and Wilcoxon signed rank test). 

Orally administered lFN<t inhibits the 
mitogen-induced production of IL-2 and IFN-y in 
spleen cells 

Pooled spleen cells (ji«8) from mock fed, and 0.1, 1, 
10, 100 and 1,000 units fed mIFN-a mice were stimu- 
lated with Con A- Low doses of p-o. mlFN-a 
decreased Con A-induced spleen cell IL-2 secretion at 
0.1, 1, 10, and 1,000 units and IFN-y secretion at 100 
units (Table 1), There was no detectable IL-4, IL-5, 
IL-6, or IL-10 in these samples. These data are consist- 
ent with nur previous data that demonstrated 
decreases in either IL-2 and/or IFN-Y secretion (Thl- 
like cytokines) in mlFN-a and hrlFN-a fed animals. 

Oral administration of IFN<t Is superior to 
equivalent or higher doses of parenteral 
—administration in the suppression of clinical 



relapses in EAE 

It is known that species-specific rat IFN can inhibit 
acute clinical attacks in rat EAE and that human type 
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Table 1. Oral IFN-a inhibit* Con A-induced JL-2 ftWffti" 

IFN-7 Pf?/ ml 



spleen Con A 



IL-2 ng/ml 



mock 

0.1 units iFTSl-a 
1 units IFN-a 
10 units IFN-a 
100 units IFN-a 
1,000 units IFN-Ot 



63.7*3.1 
30-5±3.5 

35-8±2-4 
62.8 ±0-5 
37.2±3.1 



2.954r74 

2,815±103 

2,799±53 

3,302±244 

2,096 ±104 

2,828=880 



0 mock 0.1 I 10 10° 1000 
p.o. units m IFN-a 



12.500 




Fniiowinc relapse attack (week 151. mice were sacrificed^ spleen 

iSSK R g we re not detected in any s^ple 
tested. 

deficits over time, paralleling the course of the 
^Sated control group. Howler, the 100 s.c group, 
Yggffllf Sfffld etenorahon, stabilized and wa s 



af CT initial clinical deterioration, stabilized and wao 
rfSficantly better at weeks 3-6 compared to the 
SSTSSip and significantly better at weeks 4-J 
SmTare? 10 urfit s.c and 1,000 unit 
to contrast, the 10 unit p.o fed group 
the initial attack and at all times showed sigruficant 
differences with both the control I group andaD. «. 
Kroups. This demonstrates that parenteral mgN^ can 
Set EAE favorably and 100 units rnlFN-a s c 
administered three times per week is optimal, now 
^SS^Smd s-c. dos/was not as effective as the 
optimal oral dose. 

Orally administered IFN-a, but not s c. m /™-a 
Inhibits the Con Adduced proliferation in spleen 
ceils 

We determined if s.c, administration of mffN-o. :ould 
Shibit Con A-induced proliferation of spleen crib at 
Se end of six weeks of treatment. Pooled spleen ceUs 
horn nine separate animals in each group) ^ were 
stirnulated from untreated. 10 unite p.o., 10 units s.c, 
SSS-Kt-d 1,000 units ^.cmfFN-a treated mice 
tSh Con A. Ten units oral mIFN-a decreased _ Con 
A-induced proliferation significantly compared tothe 
undated group. Proliferation of 100 units s.c. mIFN-a 
oiS nvfee v?as not significantly «^ *™ 10 
units or 1,000 units s.c mIFN-a and none of the s c 
doses were significantly decreased compared to the 
untreated group (Figure 4). 

Oral m/FW-a inhibits the mltogen-induced 
production of IL-2 and IFNf, M 3 ?™'™?^ 
increases Con A-induced IL-6 and MT-lnduced 
1U2 and IL*6 production in lympn node-cells 

Orallv administered mlFM-a decreased Con 
IL-"> and IFN-7 secretion in lymph node 
: : .^.uin — aftar* — fin 
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p.o. unitH mIFN-a 

Fieure 2. Oral mIFN-a decreases Con A and MJ-mduced 
Seration in^een cells in murine CR-EAE, Smgle ccU 
SpeSons from pooled spleen cells were prepared from 
tt^maU (n-R/erovo) fed with mock mlFN or with 0-1, i. iu. 
S?Sl 000 wE mlFN- Proliferation assays in tnpbcate 
were done with Con A (2.5 p S /ml) (tc^or lO pg/n^ 
(bttom) as outlined in methods, expressed as ACPM±SEM 
Samples, SEM is too small to be visuahzed on the 
S&rA mock vs 0.1 units, P<0-05; "° 
i i nnn units P<£0.005; MT: mock vs 0-1 units, P<0.0£j. 

SSk test). NT=not tested. Background proliferation 
<500cpm. 

1 IFNs have clinical effects in RKMS 19, 11,12. 14]. We 
nave established above that 10 units mlr^-a is the 
Optimal oral dose in the suppression of re^pse 
attacks In this set of experiments, animals {n-V/ 
gfoup were immunized as described in ™J 
Ithe? untreated, treated with 10 s.c, or 100 s.c, 1,000 
units s-c nuTN-a or fed 10 units p.o administered 
three times per week for 6 weeks. The 
untreated group incurred _on ^/"SSS 



^^^^^^^^ 



me course 01 a wre*^ v* *a ' , , , 

IS mjected animal controls were used but showed no 
difference to unfed /uninjected controls and are not 
siowS The 10 unit s.c. and the 1,000 unit s.c mlFN-cc 
grSu^s developed steadily increasing neurological 



cells without having an appreciable effecx ar 
^induced IL-2 or IFN-Y secretion (Table 2\ Ten 
vrniL mIFN-a s.c. did have an immunological effect by 
u?5a^nVMT.induced IL-2 and IL-6 secretion in 
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Figure 3 Ten units of oral mlFN-tx is superior to equivalent 
oSghL dose o parenteral IFN-a administered three times 
pVXE for 6 w&k* in the suppression of dine. relapses 
uiEAE. Animals (»=9/grou P ) were .mrnunwed J tollo~ ed as 
decribed iii Figure 1 and untreated or treated with 10 unite 
p o 10 units s.c, 100 unite s.c. or 1,000 unite sx. mlFN-o- 
Values represent combined data of two sfParateexpen- 
rnente of mean weekly group c rnical scores ±S EM 
(untreated vs 10 units m!FN-a fed anm,* for 
P<0.001: vs. 100 units s.c. mIFN-tt for weeks 3-6, P<0.001 by 
ANOVA and WiJcoxon signed rank test). Mock fedand 
mock s.c. injected animals as controls showed no difference 
to unfed/uninjected controls and are not shown. 



lymph node cells (Table 2). Increased IL-6 secretion 
from lymph node cells was seen only ™th s.c. admin- 
istration of mIFN-a, whereas the oral mIFN-Ct group 
demonstrated no detectable IL-6 secretion ™ nutogen 
or MT-induced stimulation (Table 2 and data not 
shown for spleen). Spleen cells from s.c. *<» tc d Ja- 
mais demonstrated increased MT-.nduced 1FN- Y 
(untreated control: 3,618 ng/ml±l,220 vs 10 urate s.c: 
7 123 ne/ml+400, P<0-01) or Con A or MT induced 
iL-6 Sri 1-100 units s.c, 17,250 ng / Jd =2,00 5 vs 
untreated or 10 units p-o.: non-detectable; Ml— lUu 
units sx. 20,605 ng/ml -6,704 vs 10 units p .c, non- 
detectable; MT — 1,000 units s.c: 22^84 ng /ml ±3,678 
vs 10 units p.o. non-detectable). Increases or Con A or 
—MT-induced 1L -4 s ecretio n were seen m both p.p. and 
s-c administered mIFN-a splenocytes (Con A— mock: 



Figure 4. Oral IFN-a, but not s.c. IFN-a, inhibit Con 
A-induced proliferation in spleen cells m murine CR-EAE. 
Smelt cell suspensions from pooled spleen cells were pre- 
pared from Irumals (,,-9/group) cither undated °r 
rreated with 10 s.c, 100 s-c, 1,000 units sx. or fed 10 units 
pT.^Sl Proliferation assays in ^plicate were done 
with Con A (2.5 ug/ml) (untreated vs 10 units p-o., P<=0.05, 
C ££ p.o vs. V lu s.c. and 1,000 s.c. P<0.05; untied vs. 
100 units s-c, P<0.40 Wilcoxon signed rank tebt). Back- 
ground proliferation <500 cpm. ■ 

detectable; 10 units p.o.: 4.21 ug/ml±3.9; 10 units s.c: 
non-detectable; 100 units s.c: non-detectable; 1,000 
units s.c: non-detectable) and showed no correlation 
between route of acirniiustration and ^eventy of 
clinical disease (Table 2). There was no detectable IL-5 
or IL-10 in any sample tested. 

Discussion 

Our dose-response experiments demonstrate that 10 
units of rnlFN-a adrninistered orally three times per 
week is the optimal dose to suppress relapses of EAE 
although 100 units mIFN-a p.o. also has significant 
activity. Con A-induced proliferation of poo ed spleen 
cells is inhibited by extremely low doses (0-1 units) 
and is maximally inhibited by as little , as one umt 
mIFN-a p.o. This effect is maintained at 100 and 1,000 
units p.o. Stimulation by sensitized antigen demon- 
strates a similar pattern of inhibition of pro« feratwn at 
0 1 units with maximal inhibition at one unit mIFN-a. 
in addition, 0.1, 1, and 10 units p.o. mIFN-<x sigruf.- 
cantly decrease Con A-induced 1L-2 secretion These 
data suggest that both verv low and very high doses 
of p.o. mIFN-a can have immunological effects on 
mitogen and antigen-induced proliferation and 
mitogen-induced IL-2 secretion without having sig- 



niHcant clinical eff ect s. We sus p e c t th e effect ot very- 
low doses of p-o. IFIM is due to the IFN itselt because 
we have successfully used recombinant human FN-« 
(hrlFN-a) to inhibit acute EAE in rais, and hrlFN-a 



non^etectebie; 10 units p.o.: 1.6 M S /ml±1.3; 10 units 
sc- T9ue/ml±0.8; 100 units s.c: non-detectable; 
UKH)' units s.c: 6.0 ug/ml±4.8) (MT-mock: 



non- 
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Table 2. Oral nilFN-u ittliihitt G'" A-huIucal ynulm'Hwt o f IL-2 ttml fF.V-y, but jut. inlFN-a 
incn'ow Con A-iminccd IL-6 and MT-indua*d IL>2 and lL-6 production in hpnpli node cv//s 



lymph node IL-2 [ng/mll IL-4 [ug/ml] IL-6 Lng/mll IFN-y !ng/m!I 



mock 5S.8±1.3 ND ND s3n±*m 

10U P-D. IFN 29A±5.6* ND ND 3,736±^09* 

lOUs.cIFN 50.5±3o ND 1JS6±150 8,992-330 

lOOUs.cIFN - 57=2.2 ND ND 9,425=64p 

LOOOUs.c 63.4±1.3 ND ND 10,447xl,:o0 

^ock 22,1 ±1.1 ND ND 4,811 ±390 

10U p.o. IFN 19.7±1.4 ND ND 4,473x140 

10U s c IFN • 30.2+35* ND 24 t 877±2,109 3 y 750±ti30 

lOOUs.c, IFN 28.8*2.2 ND ND 2,910±545 

l,000Us.c. 15.1 ±1.3 ND ND 3,662=1,233 



Following relapse attack <w*ek 6), mice were sacrificed, spleen ceils or lymph node cells were 
pooled (n=9 animals) and cultured ex Ww> for cytokine production. Stimulation and measurements 
were carried oui as described previously [8/ 10]. Balded values are significantly decreased^ 
italicized value? significantly Increased from 'mock control f*P<CMb, WUcoxon signed rank test). lLo 
and 1L-K) were «ol delected in ?ny sample tested. ND^ not detected. 



does not contain other potential Newcastle virus- 
induced immunoactive molecules other than IFN-ct 
that arise during manufacture of fibroblast mouse 
natural IFN-ct 19]. 

The s-c- vs. p.o. dose-response experiments demon- 
strate that 100 units s.c. mIFN-a is the optimal 
parenteral dose, but this dose is not as effective as 10 
units p.o. mEFN-a in suppressing relapse attacks. Ten 
units p,o. mIFN-a can decrease both Con A-induced 
IL-2 and IFN-y secretion in lymph node cells and IL-2 
secretion in spleen cells. 'Parenteral adrninistered 
mIFN-a does not inhibit non-antigen-specific Con 
A-induced proliferation. However, s.c. administration 
of IFN-a can increase Con A or antigen-induced IL-6 
secretion and increase antigen-induced IL-2, IL-6 and 
IFN-y secretion. Although 100 units s.c. IFN can 
decrease the severity of clinical disease in EAE, the 
precise mechanism of action is not clear from our data. 
We have recently shown that IFN-fJoc lb on- treatment 
CD3-mediated secretion of TNFa was significantly 
decreased and IL-6 secretion was significandy 
increased compared to pre treatment values in 
rclapsing-remitting MS (RRMS). IFN-y was also 
decreased in on-treatment cultures stimulated with 
anti-CD3 mAb, but these values did not reach statisti- 
cal significance 1221. The mild beneficial clinical effect 
in EAE of s-c IFN-a may relate to decreases in TNF-tt, 
a cytokine that we did not measure, but this effect may 
be potentially counteracted by increases of another 
inflammatory cytokine, IL-6. 

Orally adrninistered IFN-ct may exert immunologi- 
cal effects via inhibition of IL-2 - or IFN-y secretion. 
Secretion of these cytokines is characteristic of 
encephalitogenic Thl f helper T cells in animals and 
humans [23-31]. IL-10, produced by Th2 T helper cells 
and a potential counterregulatory cytokine to Thl T 
cells, was not detected in our "system [32 p 331. In 
contrast, only s.c. treatment increased IL-2 and IFN-y 
secretion of cells stimulated ex vivo, and only s.c. 



treated spleen or lymph node cells produced detect- 
able qualities of IL-6 in this assay. IL-6 is an inflam- 
matory cytokine with . T cell activation properties 
produced' by T cells and by non-T cell monocyte/ 
macrophage cells [34-36]- If a similar process were to 
occur ni vivo , the increased production of IL-6 in 
parenterallv treated animals could counteract the 
potential beneficial effect of IFN-a-induced decreases 
in Tlil-Iike inflammatory cytokines. Secretion of 
TGF-p is significantly increased via anti-CD3 mAb in 
RRMS patients between attacks compared to controls 
[37]. Therefore, other immunomodulatory cytokines, 
such as TNF-a and TGF-fS, may have an effect on 
clinical disease but were not assayed during these 
experiments. This suggests that the superior clinical 
effects of p.o. administered mIFN-a compared to 
optimal s.c. doses in the treatment of relapses of EAE 
may relate to differences observed in inflammatory 
cvtokine secretion ex vivo and suggests a potential 
critical role of the inflammatory cytokine IL-6. in 
mitigating the clinical efficacy of parenteral murine 
IFN-a, at least in the CR-EAE' model. 

Stanton found that low doses of recombinant 
hlFN-a A/D, which is highly active on mouse cells 
[201, or mouse IFN-a/P given orally in drinking water, 
protected mice from encephalitis and death from 
intraperitoneal (i.p.) injection of Semiiki Forest Virus 
[38]. Importantly, this response was biphasic neither 
higher nor lower doses of IFN were protective. Recent 
studies indicate that systemic IFN effects can be 
achieved -with comparatively verv low doses (-100- 
1,000 units) of natural human IFN-ct [39^11]. There- 
fore, svstemic effects may be obtained through oral 
adinirustration, and the 'therapeutic effect may not 
require transit of intact IFN across the bowel. Proteins 
which might not survive transit through the alimen- 
tary canal may still exhibit immunomodulatory activ- 
ity "via the gut associated lymphoid system (G ALT) in 
the oropharynx and beyond, via paracrine activity 
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.42-45]- Several early studies on the pharmacokinetics 
of lFNs delivered bv various routes reported that 
jrallv administered "lFNs failed to appear in the 
bloodstream [44r-47]. However, several investigations 
nave shown that small but measurable amounts of 
[FN can be absorbed from the oral pharynx or large 
intestine in rate 149, 501- There are no reports of p.o. 
administration of rFN peptides or the presence of IFN 
breakdown products in the lumen of the gut or in the 
bloodstream, although IFN-a amino acids 9-18 and 
26-40 in vitro inhibit antigen receptox-stimulated pro- 
liferation or viral activity in human cells 151, 521. More 
recent studies demonstrate that oral administration of 
low dose IFN-a in mice [53], dogs [54], monkeys [551 
and humans [561 does not result in detectable levels of 
IFN-a in the blood, in contrast to parenteral admin- 
istration, nor can its effect be blocked by circulating 
anti-IFN antibodies in mice [531- The inability to detect 
p.o. administered IFN in blood may be due to modest 
spillover in a rapidly turning-over Lymphatic pool 
[571. The absence of Increases in biological markers 
(^-microglobulin, neopterin or 2,5 OAS) after p.o. 
administration [561, their presence with s.c or i.v, 
IFN-p [581 and the data above suggest that p.o. IFN 
acts through a different mechanism. The neutropenic 
effect of orally administered IFN" can be transferred by 
injection of blood cells but not by serum from IFN fed 
animals to recipient animals or humans [53]. Acti- 
vated monocytes and lymphocytes, by virtue of their 
circulatory ability, can 'potentially transfer their bio- 
logical activities all over the body in the absence of 
circulating cytokines after contacting IFN or IFN- 
induced cells" in the CALT 157, 591. 

The immunomodulatory mechanism of orally 
administered IFN-a may be a decrease in precursor 
frequency via clonal anergy (transient IFN-induced 
hyporesponsiveness of cncephalitogenic T cells [51, 
52]) or generation of suppressor factors by T ceils. 
Modulatory effects of Con A activated lymphocytes on 
the mitogen responses of normal respondcr cells can 
be abrogated bv addition of anti-human leukocyte 
IFN serum in vitro [60]. Anti-human leukocyte IFN 
serum may prevent the production of inhibitory fac- 
tors induced by IFN-a, e.g. macrophage derived sup- 
pressoTfactor (M<p-SF, e.g., TGF-0) or soluble immune 
response suppressor (5IR5) by CD8+ T ceils [61, 62 J- 
Peripheral T cells may be required for IFN production 
after such mitogen stimulation [63]. Other immuno- 
active proteins may be important because both IFN-a 
and IFN-0 stimulate the production of at least 12 new 
cellular proteins [641. Therefore, type I IFNs may 
induce suppressor factors inhibiting responses to 
immunogenic antigens such as MT IFN-a may be an 
immunomodulatory molecule produced by activated 
CD8+ T and other immune cells that induces suppres- 
sor factors, such as TGF-p or other cytokines, which 
in turn induce hyporesponsiveness to immunized 
antigens such as MBP and MT. 

The dissociation of antiproliferative action and 
dinical suppression of relapse attacks with p.o. IFN-a 
suggests that IFN-a-induced signal transduction may 
varv in the various subpupuln lions of lymphoid cells 
in the gut or svstemic immune system- The down- 



reflation of IFN-a receptors and- the antiproliferative 
action of IFN-a occur with similar dose responses: 
binding to a small fraction of cell surface IFN-a 
receptors elicits maximal antiproliferative response 
[63], Variable responses to IFN-a depend on the 
degree and affinity of type I IFN. cell surface receptors 
and their downregulation. The emerging image of 
the IFN transducing complex is of a large trans- 
membrane macramolecule assembly with IFN, ifnarl 
(IFN a/p receptor gene 1), i£nar2 (IFN a/p receptor 
gene 2), cytoplasmic tyrosine kinases Tyk2 and 
Jakl, at least one tyrosine phosphatase, and the 
STATs (signal transducer and activators of transcrip- 
tion). Since Tvk2~ cells and Jakl" cells are relatively 
resistant to IFN-a and IFN a/p respectively, and 
truncation of KL (kinase function) domain within 
tyrosine kinases increases binding affinity of the 
functional receptor unit for IFNs, different affinities 
mav be due in part to combinations of allelic forms of 
assembled proteins in the receptor complex [66]. 

We therefore hvpothesize three stages of IFN-a dose 
effects on type I IFN receptor transducing complex 
present on "separate T cell populations. In the first 
stage (low dose p.o. IFN with immunological but no 
clinical effects), there are IFN-a-sensitive receptors 
that inhibit non-antigen-specific T-cell proliferation 
and cvtokine secretion and completely downregulate 
IFN-a receptors. During the next stage (clinically 
effective p.o. dosages), there are IFN-a-moderately 
sensitive receptors CD8+ suppressor T cell popula- 
tions that can counterregulate CD4+ encephalitogenic 
T cells, or induce anergy directly on CD4+ encepha- 
litogenic T cells. In the final stage (clinically ineffective 
high p.o. doses), there are IFN-a-moderately resistant 
receptors that inhibit function of suppressor T cells, 
thus disinhibiting CD4+ encephalitogenic T cell func- 
tion, or reactivating previously anergic CD4+ 
encephalitogenic T cells. 

Our studies in murine CR-EAE suggest that an 
ongoing immune response can be modified by orally 
and pafenterally administered type I IFNs. The 
oral and parenteral administration of BRMs such as 
IFN-a potentially provides a continuous means of 
generating immunosuppression of autoreactive T cell 
populations- The oral route is convenient, may allow 
the use of lower doses, minimize side effects, and 
may provide enhanced efficacy via unique and 
potent immunoregulatory circuits without generating 
additional inflammatory'cytokines that may counter- 
act the beneficial effect' of 'type I IFN. The oral route 
may eliminate potential therapeutic difficulties associ- 
ated with neutralizing antibodies to IFN-|3 lb in treated 
subjects with MS [15, 67). Experiments are underway 
to determine if other cytokines such as TGF-P coun- 
terregulate IL-2, TNF-a or IFN-y production, and if 
actively induced disease can be suppressed by adop- 
tively 'transferred T cell subsets from untreated, 10 
units p.o. fed and 100 units s.c. IFN-a treated animals. 
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